Abstract: R&D investment can reduce costs through efficient production technology, which has a positive (+) impact on future performance. On the other hand, R&D investment has uncertainty due to characteristics such as time lag, high cost and non-appropriability. We examine whether the effects of R&D expenditures on future performance and earnings uncertainty are different according to firm life cycle, which reflects the differences in the environment, circumstances, and strategy of the firm. Investors assess sustainable growth potential of the enterprise in the capital market, reflecting the future performance and the uncertainty of the firm. This implies that R&D investment can affect the capital market through investors' future expectations for sustainable growth of the company. We also examine the differential effects of R&D expenditures on market response by the firm life cycle. The test results show that firm life cycle differentially affects the relation between R&D expenditures and future performance and uncertainty. Further, the market response varies over the firm life cycle. Our results provide suggestions that R&D investments should be made properly considering the environment and circumstances of the firm. The finding that R&D expenditures differently affect future performance, uncertainty, and sustainable growth potential according to the firm life cycle is expected to help managers make decisions about R&D investment.
Introduction
Firms are striving to secure core competencies for maximizing firm value through sustainable growth. Recently, R&D investment has been regarded as an important factor in securing core competencies for survival in the rapidly changing business environment. Aghion and Howitt (1992) [1] argue that even with the input of the same production factors, firms that have the knowledge to operate and apply them can create higher firm value. Since this knowledge can be acquired through R&D expenditures, R&D investment is becoming a core strategy of the firm. Sustainable growth potential should be secured in the long term by pursuing growth strategies based on technological innovation. To this end, efforts to increase R&D investment and deepen technological advancement should be expanded. Chun et al. (2014) [2] report that R&D investment directly affects future profitability as it enables production of new products and development of new technologies. R&D investment can also reduce costs through efficient production technology, which has a positive (+) impact on future performance.
On the other hand, R&D investment has uncertainty, which means that the effects of R&D investment are not always positively affecting the firm value [3] . In other words, if R&D investment fails, sunk costs will increase, which can negatively affect the firm value. Researchers have examined the effects of R&D investment on future management performance. In relation to future performance, many studies provide evidence showing that R&D investment is positively associated with future performance [4] [5] [6] . However, some studies report that R&D investment has no or minimal negative impact on future performance [7, 8] .
Meanwhile, Kothari et al. (2002) [9] provide evidence that R&D investment has greater future uncertainty than investment in tangible assets. Amir et al. (2007) [10] also provide evidence that in industries with high R&D intensity, R&D investment has greater future uncertainty than investment in tangible assets, while in industries with low R&D intensity there is no difference between the two.
In previous studies mentioned above, R&D investment may vary depending on the environment and circumstances and strategies chosen by the firm [11] . Therefore, we are interested in considering the differences in the environment and circumstances of the firm.
In the theory of firm life cycle, firms are known to show differences in management environment, organizational structure, and strategy by life cycle stage [11] [12] [13] [14] . Therefore, we examine whether the effects of R&D expenditures on future performance and earnings uncertainty are different according to firm life cycle which reflects the differences in the environment, circumstances, and strategy of the firm. In addition, investors evaluate firm's sustainable growth potential in the capital market, reflecting the future performance and uncertainty of the firm. This implies that R&D investment affects the capital market through investors' future expectations for firm's sustainable issue. So, we also examine whether the effects of R&D expenditures on market response are different according to firm life cycle. We showed a comprehensive view of the response to capital markets through the effects of R&D investment on future performance, uncertainty and sustainable growth. In prior studies, the relationship between R&D investment and future performance, uncertainty, and capital market response has been analyzed individually.
We divide a firm life cycle into four stages: introduction, growth, maturity, and decline, using cash flow patterns of Dickinson (2011) [14] . Further, we use samples of Korean firms which are suitable for investigating the effects of R&D investment outside of advanced countries such as the U.S. Korea is one of well-developed countries with capital markets and global business players, and many firms are investing heavily in R&D.
The remainder of our paper proceeds as follows: Section 2 contains the prior studies and hypothesis development. Section 3 contains empirical models, measurement of variables and sample. Section 4 provides the empirical results of our study. Finally, Section 5 contains some conclusions and limitations.
Literature Review and Research Hypotheses

R&D Investment and Firm Performance
Researchers have examined the effects of R&D expenditures on firm performance. Previous studies that investigate the effects of R&D expenditures on firm performance show conflicting results. Chauvin and Hirschey (1993) [15] argue that firms pursue technology innovation through R&D investment, which leads to revenue generation through new product development and positively affects profitability. They also argue that R&D investment has a positive impact on the profitability of the firm by improving production efficiency due to cost reduction. Bublitz and Ettredge [4] also argue that R&D expenditures increase firm's innovation activities, which has a positive (+) impact on sales growth. Lejarraga and Martinez-Ros (2014) [16] argue that decision-making style during the R&D process depends on firm size, and that decision-making style ultimately affects the scale and quality of the innovative output.
In the Korean capital market, researchers examine the relationship between R&D expenditures and business performance. They provide evidence that there is a positive (+) relationship between R&D expenditures and business performance. On the other hand, Choi and Kim (2011) [8] divide R&D expenditures into capitalized R&D expenditures and costed R&D expenditures. They find that capitalized R&D expenditures have a negative (-) impact on future profit growth. Lee and Lee (2009) [7] examine the relationship between R&D investment and financial performance in the IT service industry. They find that R&D investment and financial performance do not show a significant relationship.
Many previous studies provide evidence showing that R&D expenditures are positively associated with corporate performance [5, [17] [18] [19] , but there are studies that R&D expenditures have negative or no impact on corporate performance [7, 8] . In prior studies, the reason why R&D investment had a conflicting effect on firm performance is that the internal and external determinants of R&D productivity differ among the firms under study.
R&D Investment and Earnings Uncertainty
In prior studies, R&D expenditures have implied future uncertainty [3, 9, 20] , and some studies have shown that uncertainty of R&D expenditures can vary depending on the situation and environment of the firm [10, 21] . Kay (1988) [3] describes four key characteristics of R&D investment. They are called time lag, costliness, uncertainty, and non-appropriability. The time lag means that the effect of R&D investment does not appear instantly but appears at a certain time lag. Costliness means that R&D requires a lot of funds. So, firms need to finance the necessary funds for continuous R&D investment. Uncertainty means that if the R&D investment fails, the amount spent on the investment becomes the sunk costs, which is a great burden on the firm. If the size of a firm is small, the negative impact of investment failure can be more significant. Non-appropriability means that one technology can be created or applied to another. This indicates that R&D investment affects not only technological innovation but also imitation activities of competitors. In other words, the outcome of innovation through R&D investment has a spill-over effect between industries or within industries. Kothari et al. (2002) [9] examine the effect of investment in R&D and tangible assets on earnings volatility as a proxy for future uncertainty. They find that both R&D and tangible investment have a positive (+) relationship with earnings volatility. They also find that R&D investment has more uncertainty than tangible investment. In the Korean capital market, researchers examine the relationship between R&D investment and future uncertainty. They provide evidence that there is a positive (+) relationship between R&D investment and future uncertainty [18, 22] .
As mentioned above, the uncertainty of R&D investment can vary depending on the situation and environment of the firm. Amir et al. (2007) [10] carried out the study by dividing the industries into high-technology industries and low-technology industries, predicting that the effect of investment in R&D and tangible assets on the earnings volatility can vary depending on the industries. They find that investment in high-technology industries has a greater impact on earnings volatility than low-technology industries. Also, they find that the difference of earnings volatility between tangible assets investment and R&D investment in the high-technology industries became more apparent. This indicates that the uncertainty of R&D investment can vary depending on the industries. Yoo (2017) [21] examines the effect of R&D investment on future earnings volatility by dividing the firms into leader-firms and follower-firms. She finds that the R&D investment of the leader-firms has a greater impact on future earnings volatility than the follower-firms. This seems to be due to the fact that the leader-firms are engaged in innovative R&D activities while the follower-firms are carrying out R&D activities for imitation.
R&D Investment and Market Response
In prior studies, studies on the relationship between R&D investment and market response can be divided into studies on value relevance and earnings response coefficient (hereafter ERC). Researchers measure value relevance using stock price or stock returns. The stock price has a problem of heteroscedasticity due to the difference of firm size, but stock returns are widely used in the study of value relevance because it has the advantage of mitigating the heteroscedasticity. They argue that the effect of R&D investment on value relevance can vary depending on the circumstances of the firm [22] [23] [24] . Ho et al. (2006) [23] argue that firms with high growth rates, large size, and low risk have high value relevance of R&D investment because they can secure funds easily. Lee (2010) [24] finds that firms with high growth rates and easy access to external funding can continue to invest in R&D, which has a positive (+) effect on business performance. In a study by Chung and Park (2016) [22] , firms with high uncertainty show greater earnings persistence and growth due to R&D investment than those with low uncertainty. This suggests that R&D investment of firms with high uncertainty plays a role to continuously grow earnings.
The earnings response coefficient (ERC) is measured using the stock price response to unexpected earnings. The ERC is widely used to study the market reaction to firm's financial information. Liu and Thomas (2000) [25] argue that ERC is used as a measure of the usefulness of accounting information, in particular as a measure of the value relevance of earnings and earnings quality. In prior studies, researchers mainly studied factors that affect ERC. They find that firms with high earnings persistence have higher ERC [26, 27] . And the earnings persistence is supported by sustainable growth potential of the company. This can be interpreted as a result of information on the earnings quality reflected in the capital market. In addition, other studies show that firms with higher debt ratios have lower ERC than those with lower debt ratios [28] , and firms with high scores from financial analysts have higher ERC than those with low scores from financial analysts (Imhoff, [29] . In the Korean capital market, Lee (2013) [30] examines the relationship between firm life cycle and ERC, expecting that the firm's earnings quality will differ according to the firm life cycle. He finds that ERC at maturity stage is higher than that at other stages, and argue that ERC is determined by earnings persistence rather than earnings growth and earnings management. Based on the results of prior studies, it is judged that ERC can be used as a proxy to measure the degree of effect of R&D investment on market response.
Firm Life Cycle
Previous studies on the firm life cycle can be broadly divided into studies on measures of firm life cycle and those on the effect of firm life cycle on specific dependent variables. In the literature of firm life cycle, firms are known to show differences in management environment, organizational structure, and strategy by life cycle stage [11] [12] [13] [14] . Anthony and Ramesh (1992) [13] employ the four variables of dividend payout, sales growth rate, capital expenditure, and firm age to distinguish four stages of firm life cycle: introduction, growth, maturity, and decline. Dickinson (2011) [14] identifies each stage of the firm life cycle based on cash flow. He distinguishes five stages of firm life cycle: introduction, growth, maturity, renewal, and decline through the combination of the three cash flow (operating activities, investing activities, and financing activities) patterns.
The characteristics of four stages of firm life cycle are summarized as follows. The introduction stage is a time when firms first enter the market, and there is a high uncertainty and risks in the business. This stage is also a time to invest a lot for future growth. The growth stage is a time when firms grow and competitors emerge. This stage requires a strategy to survive the competition, and is also a time when innovation activities take place. The mature stage is a time when competition is fierce, and firm's sales and business expansion are stagnant. So, this stage is a time when firms need to be more discriminating to get out of competition. Finally, the decline stage is a time when the growth of industry stagnates or declines. This stage is the time when firms are pursuing a withdrawal or recovery strategy [12] [13] [14] .
Meanwhile, previous studies analyzing the effect of firm life cycle examine the effect of the characteristic of each stage of it on the dependent variables. Dependent variables include various topics such as value relevance, profitability, accruals, earnings management behavior, conservatism, cost stickiness, and management control systems. Adizes (1979) [11] has analyzed R&D behaviors of firms at different organizational life cycle stages. Kwon and Moon (2009) [31] examine whether the effects of return on equity (ROE) and its components on future profitability and value relevance depend on the firm life cycle. They find that the usefulness and value relevance of current profitability at growth stage are lower than those at mature stage, while the usefulness and value relevance of current profitability at decline stage are higher than those at mature stage. Park and Park (2010) [32] find that earnings persistence, ROE, and value relevance of accounting earnings at mature stage are higher than those at growth (or decline) stage, and financial risk and value relevance of net asset at mature stage are lower than those at growth (or decline) stage. Some studies provide empirical evidence that firms manage the earnings downward at the growth and mature stage, and manage the earnings upward at the decline stage [33, 34] . Also, Kim and Yang (2012) [35] provide evidence that the growth stage has greater cost stickiness than the other stages. Based on the results of prior studies, since the situation and environment of the firm are different according to the firm life cycle, the effect of R&D investment is expected to be different by firm life cycle.
Research Hypotheses
R&D investment has a positive effect of improving future management performance through technological innovation and new product development [15] . Also, R&D investment has a negative effect of increasing future uncertainty due to characteristics such as time lag, costliness, and non-appropriability [3] . Many previous studies provide evidence showing that R&D expenditures are positively associated with corporate performance [5, [17] [18] [19] , but there are studies that R&D expenditures have negative or no impact on corporate performance [7, 8] . In previous studies, it appears that R&D expenditures have a conflicting effect on future performance because researchers did not properly reflect the environment and circumstances of the firms.
In relation to the effect of R&D expenditures on future management performance, we expect that the situation and environment of the firm will be different according to firm life cycle as follows. The introduction stage is a time when firms first enter the market, and there is a high uncertainty and risks in the business. This stage is also a time to invest a lot for future growth. In other words, since the performance of R&D investment appears with time lag, the R&D investment at the introduction stage has characteristics that are difficult to be connected directly with the management performance. The growth stage is a time when the effect of R&D investment in the introduction stage begins to appear as management performance. The growth stage is a time when firms grow and competitors emerge. Firms in the growth stage seek a strategy to continuously invest in R&D to improve the potential competitiveness of the firm. The mature stage is a time when competition is fierce, and a firm's sales and business expansion are stagnant. So, this stage is a time when firms need to be more discriminating to get out of the competition. The mature stage is also a time when extra funding is created and the benefits of innovation are increased [36, 37] . Therefore, the mature stage can have the strongest effect of R&D investment. Finally, the decline stage is a time when the growth of industry stagnates or declines. This stage is the time when firms are pursuing a withdrawal or recovery strategy [12] [13] [14] , so the effect of R&D investment is minimal.
As discussed above, since the firm life cycle reflects the situation and environment of the firms, the four stages of firm life cycle have a different impact on the relationship between R&D investment and future performance. Therefore, we set Hypothesis 1 as follows to investigate whether firm life cycle affects differentially the relation between R&D investment and future performance:
Hypothesis 1 (H1).
The effect of R&D investment on future management performance will vary by firm life cycle.
Next, we investigate the uncertainty of R&D investment. Kothari et al. (2002) [9] provide evidence that R&D investment has greater future uncertainty than investment in tangible assets. Amir et al. (2007) [10] also provide evidence that in industries with high R&D intensity, R&D investment has greater future uncertainty than investment in tangible assets, while in industries with low R&D intensity there is no difference between the two. In previous studies, it appears that R&D expenditures have a conflicting effect on future uncertainty because researchers did not properly reflect the environment and circumstances of the firms. This implies that the uncertainty of R&D investment may vary depending on the environment and circumstances of the firm.
In the literature of firm life cycle, firms are known to show differences in management environment, organizational structure, and strategy by life cycle stage [11] [12] [13] [14] . The uncertainty of R&D investment in introduction stage is high because the company is entering the market for the first time. In addition, it is the first stage of R&D investment, and it is expected that the burden of sunk cost in the failure of R & D investment will be bigger than other life cycle. Growth stage firms are larger than those of the introduction stage firms, and risk of failure to enter the market or invest in R&D is reduced. Therefore, the future uncertainty of R&D investment is expected to be small. In the mature stage, securing extra funds is easy, and competition is at its most intense. This is the phase in which innovation is pursued with extra funds to obtain differentiation from competitors [12] . Also, the mature stage is the period when investment for strengthening IPRs is actively carried out. If the investment for strengthening the IPRs is done above the appropriate level, the resources will be wasted and the future profitability will be deteriorated. As a result, corporate R&D investments are likely to increase future uncertainty if they do not meet the eligibility criteria. The decline stage is not a time to pursue innovation, but rather to maintain existing policies and use recovery and withdrawal strategies. As a result, the uncertainty about the R&D investment in decline stage is expected to be small.
As discussed above, since the firm life cycle reflects the situation and environment of the firms, the four stages of firm life cycle have a different impact on the relationship between R&D investment and earnings uncertainty. Therefore, we set Hypothesis 2 as follows to investigate whether firm life cycle affects differentially the relation between R&D investment and earnings uncertainty:
Hypothesis 2 (H2). The effect of R&D investment on earnings uncertainty will vary by firm life cycle.
Finally, we investigate the market response of R&D investment. Researchers measure market response using stock price or stock returns. They argue that the effect of R&D investment on value relevance can vary depending on the circumstances of the firm [22] [23] [24] . Ho et al. (2006) [23] argue that firms with high growth rates, large size, and low risk have high value relevance of R&D investment because they can secure funds easily. Lee (2010) [24] finds that firms with high growth rates and easy access to external funding can continue to invest in R&D, which has a positive (+) effect on business performance. In addition, ERC is widely used to study the market reaction to the firm's financial information. Liu and Thomas (2000) [25] argue that ERC is used as a measure of the usefulness of accounting information, in particular as a measure of the value relevance of earnings and earnings quality.
Meanwhile, the improvement of future performance has a positive (+) relationship with firm value, and the increase of future uncertainty has a negative (−) relationship with firm value. Analysts focus on the sustainable growth when assessing firm's intrinsic value in the capital market. This implies that R&D investment affects the capital market through investors' future expectations for sustainable issue.
The effect of R&D investment on future management performance and uncertainty is expected to be different for each stage of the firm life cycle as described in Hypothesis 1 and Hypothesis 2. The R&D investment of the introduction period is not easily connected with the performance and it is expected that the sunk cost will be bigger when the R & D investment fails. As a result, the R&D investment in introduction period is expected to show negative (−) signs on the market response due to the decrease in future management performance and the increase in uncertainty. The growth stage is the period in which the effect of R&D investment in the introduction phase begins to appear as business performance. Uncertainty is expected to be small because the risk of failure to enter the market or R&D investment is reduced compared to the introduction period. As a result, the R&D investment in the growth period is expected to show a positive (+) sign on market response because the growth of the future management performance and uncertainty are expected to be small. R&D investment can have a positive impact on future profitability in mature stage. However, if the R&D investment does not meet the eligibility criteria, it is likely to increase future uncertainty. As a result, investment in R&D in the mature period can be insignificant in terms of market response due to an increase in future management performance and an increase in uncertainty. The decline stage is the period of establishing a business withdrawal or recovery strategy [12] [13] [14] . The impact of R&D investment on future profitability and uncertainty is expected to be minimal. As a result, the effects of R&D investment on market response are negligible because of the small effect on business performance and uncertainty.
Therefore, we set Hypothesis 3 as follows to investigate whether firm life cycle affects differentially the relation between R&D investment and market response:
Hypothesis 3 (H3).
The effect of R&D investment on market response will vary by firm life cycle.
Research Design and Sample Selection
Empirical Models
Future Management Performance (H1)
We set up the empirical model (1) to examine the influence of firm life cycle on the relationship between R&D investment and future management performance. The dependent variable of the empirical model (1) is return on assets (ROA t+1 ), which is measured as operating income of t + 1 divided by total asset of t. The model is:
where RND t represents the research and development expenditures, which equals the R&D expense-to-total sales ratio as of the year-end. We measure firm life cycle proxy using the cash flow patterns of Dickinson (2011) [14] , and analyze the empirical model by the stage of firm life cycle. The association between R&D investment and future management performance can be verified using the sign of β 1 in model (1) . If the coefficient of RND t shows a significant positive (+) value, it indicates that R&D investment positively affects future management performance in the stage of firm life cycle. Conversely, if the coefficient of RND t shows a significant negative (−) value, it indicates that R&D investment negatively affects future management performance in the stage of firm life cycle. We expect that the effect of R&D investment on future management performance will be different for each stage of firm life cycle, so the sign of β 1 will differ for each stage of firm life cycle. Our study includes numerous control variables associated with future management performance. The debt ratio (LEV t ) is added to the research model to control the financial risk. This equals the total debt-to-total assets ratio as of the year-end. An increase in financial risk has been reported to have a negative (-) impact on future management performance by causing an increase in financial costs. Therefore, the regression coefficient of the debt ratio (LEV t ) will show a negative (-) value. The market value to book value ratio (MTB) is generally used as a measure of growth potential, and MTB is reported to have a positive relationship with future management performance. Since we include book value to market value ratio (BTM t ), which is the reciprocal of MTB, as a control variable. BTM t is expected to show a negative (−) relationship with future performance.
Firm size (SIZE t ) is included to control the influence of firm size, and is measured as the natural log of total assets [38] . An increase in firm size has been reported to have a positive (+) impact on future performance by causing economies of scale. However, according to the political cost hypothesis, an increase in firm size may produce negative (−) effects due to the cost of various regulations and taxes. Therefore, the association between firm size and future performance is expected to be possible in both directions. Asset turnover (ATO t ) is an indicator of firm activity, and is reported to have a positive (+) relationship with future performance. ATO t equals the total sales-to-lagged total assets ratio. Since corporate profits are sustainable, this year's performance (ROA t ) has a very positive (+) association with future performance (ROA t+1 ). ROA t is added to the research model to control earnings persistence and the regression coefficient of ROA t will show a positive (+) value. Finally, yearly and industry dummies are included to control the influence of years and industries on future management performance.
Earnings Uncertainty (H2)
We set up the empirical model (2) to examine the influence of firm life cycle on the relationship between R&D investment and earnings uncertainty. The empirical model (2) is based on the research model of Kothari et al. (2002) [9] . The dependent variable of the empirical model (2) is earnings volatility (VAR t+1~t+5 ), and is the standard deviation of operating income, calculated using five annual operating income for year t+1 to t+5. The model is:
where RND t represents the research and development expenditures, which equals the R&D expense-to-total sales ratio as of the year-end. We measure firm life cycle proxy using the cash flow patterns of Dickinson (2011) [14] , and analyze the empirical model by the stage of firm life cycle. The association between R&D investment and earnings uncertainty can be verified using the sign of β 1 in model (2) . If the coefficient of RND t shows a significant positive (+) value, it indicates that R&D investment increases earnings uncertainty in the stage of firm life cycle. Conversely, if the coefficient of RND t shows a significant negative (−) value, it indicates that R&D investment decreases earnings uncertainty in the stage of firm life cycle. We expect that the effect of R&D investment on earnings uncertainty will be different for each stage of firm life cycle, so the sign of β 1 will differ for each stage of firm life cycle. Our study includes numerous control variables associated with earnings uncertainty. The debt ratio (LEV t ) is added to the research model to control the financial risk. This equals the total debt-to-total assets ratio as of the year-end. An increase in financial risk has been reported to increase future uncertainty by causing an increase in financial costs. Therefore, the regression coefficient of the debt ratio (LEV t ) will show a positive (+) value. The market value to book value ratio (MTB) is also used as a substitute for risk in addition to growth potential, and MTB is reported to have a positive relationship with future uncertainty. Since we include book value to market value ratio (BTM t ), which is the reciprocal of MTB, as a control variable. BTM t is expected to show a negative (−) relationship with future uncertainty.
Firm size (SIZE t ) is included to control the influence of firm size, and is measured as the natural log of total assets [38] . An increase in firm size has been reported to have a negative (−) relation with future uncertainty due to stable funding and high levels of diversification. Since corporate profits are sustainable, this year's performance (ROA t ) has a very positive (+) association with future performance (ROA t+1 ). ROA t is added to the research model to control earnings persistence and the regression coefficient of ROA t will show a negative (−) value. In previous studies, the tangible assets investment ratio (CAPEX t ) has been reported to increase earnings volatility due to future uncertainty. Finally, year and industry dummies are included to control the influence of years and industries on earnings uncertainty.
Market Response (H3)
We set up the empirical model (3) to examine the influence of firm life cycle on the relationship between R&D investment and market response. The empirical model (3) is based on Huson et al. (2001) [39] . We employ earnings response coefficient (ERC) to measure the response of capital markets. ERC represents the degree to which abnormal stock returns respond to unexpected earnings, and β 1 in model (3) indicates the ERC. We measure the effect of the R&D investment on the ERC by adding the interaction variables between unexpected earnings and R&D investment to the model. The dependent variable of the empirical model (3) is size-adjusted stock returns (SAR t ) that equal the buy and hold stock returns from April of period t to March of period t + 1. The model is:
where UE t represents unexpected earnings in period t, which is equal to the actual earnings for t, as reported by TS-2000, less the actual earnings for t − 1. RND t represents the research and development expenditures, which equals the R&D expense-to-total sales ratio as of the year-end. We measure firm life cycle proxy using the cash flow patterns of Dickinson (2011) [14] , and analyze the empirical model by the stage of firm life cycle. The association between R&D investment and market response can be verified using the sign of β 2 in model (3) . If the coefficient of UE × RND t shows a significant positive (+) value, it indicates that R&D investment increases ERC for unexpected earnings in the stage of firm life cycle. We expect that the effect of R&D investment on the ERC will be different for each stage of firm life cycle, so the sign of β 2 will differ for each stage of firm life cycle. Our study includes numerous control variables associated with market response. The debt ratio (LEV t ) is added to the research model to control the financial risk. This equals the total debt-to-total assets ratio as of the year-end. Previous studies have shown that firms with high debt ratios have lower ERC than firms with no debt or low debt ratios [28] . Therefore, the regression coefficient of the debt ratio (LEV t ) will show a negative (−) value. In the case of firms with a high growth potential, investors' response to the net income increases, which increases the ERC. The market value to book value ratio (MTB) is used as a substitute for growth potential, and MTB is reported to have a positive relationship with ERC [40] . Since we include book value to market value ratio (BTM t ), which is the reciprocal of MTB, as a control variable. BTM t is expected to show a negative (−) relationship with ERC. Finally, year and industry dummies are included to control the influence of years and industries stock market return.
Measurement of Variables
Proxy for Firm Life Cycle
In previous studies, researchers have used the methodology of Anthony and Ramesh (1992) [13] as a measure of firm life cycle. Anthony and Ramesh (1992) [13] classify firms into firm life cycle using both univariate and multi-variate ranking procedures. They use four classification variables: (1) annual dividend payout (DP), (2) sales growth (SG), (3) capital expenditure divided by value of the firm (CEV), and (4) age of the firm (AGE). However, the method of dividing several variables by quintiles and summing them has a problem of making a constrained assumption about the distribution of each component in the process of constituting the portfolio. Also, this method has the possibility that firm life cycle is randomly classified according to the corporate factors included among various corporate factors. So, Dickinson (2011) [14] point out limitations of Anthony and Ramesh (1992) [13] methodology for measuring firm life cycle and propose to classify firm life cycle using cash flow patterns. Dickinson (2011) [14] divides the cash flow into three types of activities, and then divides the firm life cycle into five categories based on the cash flow patterns of each activity.
Specifically, the introduction stage is expected to be negative (−) for cash flows from operating activities due to the fact that sales are not realized yet, while there is a large amount of expenditure due to expansion of customers and advertisements for building market position. In order to increase market share, it is necessary to invest new investment, so cash flows from investing activities will also have a negative (−) value. And as the borrowing of external funds for these investments, cash flows of financing activities will have a positive (+) value [41] . Next, at the growth stage, sales will increase sharply and cash flows from operating activities will be converted to positive (+) values. On the contrary, cash flows from investing activities is expected to remain negative (−) due to addition facility investment in response to rapid sales growth. And cash flows of financing activities are expected to be positive (+) since external financing may be required for facility investment [41] . Third, the mature stage is expected to be positive (+) cash flows from operating activities due to the highest profit level, and negative (−) cash flows from investing activities due to investment for new product development. And financing activities are expected to have negative cash flows as they repay external funding [41] . Fourth, the shake-out stage is known to have no consistent cash flow pattern for each activity. Finally, the decline stage is expected to be negative (−) cash flows from operating activities due to a decrease in sales and profits, and positive (+) cash flows from investing activities due to the disposal of assets rather than new investments. And expectations for the pattern of cash flows from financing activities are not consistent [41] .
Dickinson (2011) [14] uses the combination of signs (+, −) of three cash flows (operating activities, investing activities, financing activities) to measure the firm life cycle in five steps as showed in Table 1 below. Among the five stages described above, except for the shake-out stage, we use the four stages of firm life cycle: introduction, growth, mature, and decline. [39] estimate ERC based on a multiple regression model in which abnormal stock returns are regressed on unexpected earnings. The model is defined as follows:
In model (4), β represents ERC for the unexpected earnings, and model (5) describes the factors that influence ERC (β). In prior studies, the factors affecting ERC include debt ratio (LEV t ), firm size (SIZE t ), and the book value to market value (BTM t ). We add R&D investment as a factor affecting ERC. R&D investment affects investor's expectations for future management performance and uncertainty, which also affects ERC. We combine models (4) and (5) to introduce interactions between UE t and the factors affecting ERC. Thus, a model (6) is derived to test the effects of R&D investment on the ERC. The multi-collinearity of UE × SIZE t variable is very large and excluded from model (6). However, there will be no problem because SAR t variable is size-adjusted stock returns.
Samples and Data
The sample used in our study consists of firms in the manufacturing industries listed on the Korea Stock Exchange (KRX) and have a fiscal year ending in December. We collect financial data from FN Data-Guide provided by FN Guide in Korea and TS-2000. Financial firms are excluded because firm's operating characteristics and financial statement accounts are different from manufacturing firms. For comparability, we exclude firms with impaired capital and firms without financial data needed for analysis. We employ the standard deviation of operating income from period t + 1 to period t + 5 to measure future uncertainties. Finally, to remove the influence of extreme observations, all continuous variables are winsorized at the top and bottom 1% level. The final sample consists of 3,743 firm-year observations from 2000 to 2010.
The sample of this study consists of 516 firms with financial data for more than 6 years from 2000 to 2010 (time series length = 11, number of cross sections = 516). Composition of the sample by year (life cycle) is indicated in Table 2 below. We performed pooled OLS regression because there is an obstacle for using panel data methodology. In this study, the life cycle of each company is classified based on the time t. For example, to measure the future uncertainty, which is a dependent variable of model (2), we classify the life cycle of the firm based on the time t, and calculate the profit of the firm from t + 1 to t + 5 to measure volatility. The model (1) and the model (3) also classify the life cycle based on the t-point in the same way.
But, the life cycle of a firm can vary from time to time. For example, a company classified as an introductory phase in t could be transformed into a growth phase in t + 2. This would impede to build panel data set by the life cycle and could justify using pooled OLS regressions instead of panel data analysis.
There may be a reliability problem if the life cycle of individual firm is changed by year. However, Dickinson (2011) [14] reports that the life cycle of individual firm is highly consistent for consecutive year when using the cash flow pattern. Table 3 summarizes the descriptive statistics for all the variables for the full sample of 3743 firm-year observations. R&D intensity (RND t ) is the key variable in this study. The R&D intensity (RND t ) has a mean (median) value of 0.017 (0.008), which is similar to that of the previous studies [3, 9] . And the mean of R&D intensity of firms corresponding to upper 99% is 0.136, which shows that some firms are concentrating relatively more capabilities on R&D expenditures. This implies that R&D investment may vary depending on the environment and circumstances of the firm. The unexpected earnings (UE t ) has a mean (median) value of 0.088 (0.001), which indicates that there is no clear trend in earnings change over time. Distribution of debt ratio (LEV t ) is stays stable around the median value of 0.464. The tangible assets investment ratio (CAPEX t ) has a mean (median) value of 0.387 (0.372), which implies that approximately 39% of total assets are invested in tangible assets. Standard deviations of the remaining variables except the SAR t , BTM t , and SIZE t variables are not large. And most of the variables do not show a large difference between mean and median, so they do not deviate much from the normal distribution. Note: Variables definitions; ROA t + 1 : return on assets, which is measured as operating income of t + 1 divided by total assets of t; VAR t + 1~t + 5 : standard deviation of operating income, calculated using five annual operating income for year t + 1 to t + 5; SAR t : size-adjusted stock returns, calculated the buy and hold returns from April of t to March of t + 1; RND t : R&D expense-to-total sales ratio as of the year-end; UE t : unexpected earnings, which equal to the actual earnings for t less the actual earnings for t − 1; LEV t : the total debt-to-total assets ratio as of the year-end; BTM t : the book-to-market ratio of the equity; SIZE t : the natural log of total assets; ATO t : the total sales-to-lagged total assets; CAPEX t : the tangible assets investment ratio. Table 4 presents the Pearson correlations. The dependent variable, ROA t + 1 shows negative (−) correlations with RND t , but not statistically significant. VAR t + 1~t + 5 reports significant positive (+) correlations with RND t . This means that the greater R&D expenditures, the more the earnings volatility is increased. The ROA t+1 indicates significant positive (+) correlations with SIZE t , ATO t , UE t , and SAR t and significant negative (−) correlations with LEV t , BTM t , VAR t + 1~t + 5 , CAPEX t . This means that the larger firm size and asset turnover, the more the future performance is improved and the larger debt ratio and earnings volatility, the more the future performance is getting worse. 
Empirical Results
Descriptive Statistics and Correlations
Regression Results
Results for Future Management Performance (H1)
In previous studies, R&D expenditures shows a conflicting effect on future performance and uncertainty because researchers may not properly reflect the environment and circumstances of the firms. We examine whether the effects of R&D expenditures on future performance and earnings uncertainty are different according to the firm life cycle, which reflects the differences in the environment, circumstances, and strategy of the firm. In addition, investors evaluate firm value in the capital market, reflecting the future performance and uncertainty of the firm. This implies that R&D investment can affect the capital market through investors' assessment for sustainable issue. So, we also test the differential effects of R&D expenditures on the market response according to the firm life cycle. Table 5 presents the empirical results of H1 on the association between R&D investment and future management performance. In order to test the differential effect of R&D investment on future performance, we divide the whole sample into four sub-samples by firm life cycle and perform pooled regression analysis. H1 can be tested using the coefficient of RND t . We expect the coefficient of RND t in model (1) to be different for each stage. At the introduction stage, RND t shows negative (−) and significant (β 1 = −0.249, t = −2.91) value at the 0.01 level. Since the introduction is the initial stage of market entry, R&D investment seems to be deteriorating future performance than being fruitful in the short term [13] . The coefficient of RND t is positive (+) but not significant at the growth stage. And the mature stage shows positive (+) and significant (β 1 = 0.186, t = 2.84) coefficient of RND t at the 0.01 level. Consistent with Fellner (1951) [36] as well as Arrow (1962) [37] , the results indicate that the mature is the stage of developing core competencies of the firm. At the Decline stage, the coefficient of RND t is positive (+) but not significant. In addition, the control variables, SIZE t , ATO t , and ROA t shows significant positive (+) relation with ROA t + 1 , while LEV and BTM indicates a significant negative (−) relation with ROA t + 1 .
We have performed Chow test to verify whether the effect of R&D investment on the future performance differs over groups of firms at different life cycle stages. For testing hypothesis 1, we have combined four different groups into one pooled data, and have added the interaction terms (RND × Introduction, RND × Growth, RND × Mature) in the pooled model. The last row of Table 5 reports Chow test result (F-value), which shows that the estimated coefficients of RND (β 1 ) over four life cycle groups are not equal at 0.01 level in model (1) . In sum, Table 5 reports that the effect of R&D investment on the future performance differs by firm life cycle and supports H1. In other words, firm life cycle, which reflects the differences in the firm's environment, situation and strategy, has a different impact on the relationship between R&D investment and future management performance. Table 6 reports the regression results of H2 on the association between R&D investment and future uncertainty. The relationship between R&D investment and future earnings volatility can be tested using the coefficient of RND t in model (2) . We expect the coefficient of RND t in model (2) to be different for each stage.
Results for Future Uncertainty (H2)
The introduction stage shows positive (+) and significant (β 1 = 0.415, t = 4.28) coefficient of RND t at the 0.01 level. Since the introduction is the initial stage of market entry, R&D investment seems to be increasing future uncertainty [21] . At the growth stage, the coefficient of RND t is positive (+) but not significant. The coefficient of RND t at mature stage is positive (+) and significant (β 1 = 0.127, t = 2.84) at the 0.01 level. The coefficient of RND t at decline stage is positive (+) but not significant. In addition, the control variables, LEV t indicates significant positive (+) relation with VAR t + 1~t + 5 , while BTM t , SIZE t , and ROA t shows a significant negative (−) relation with VAR t + 1~t + 5 . For the verification of hypothesis 2, Chow test has been used to determine whether the effect of R&D investment on earnings uncertainty varies by firm life cycle. To do this, we have taken into account additional interaction variables (RND × Introduction, RND × Growth, RND × Maturity) in the pooled model. The F-value of Chow test in Table 6 shows that the estimated RND coefficients (β 1 ) over groups of firms at different life cycle stages are not equal at 0.01 level in model (2) . In sum, Table 6 shows that the effect of R&D investment on the future earnings volatility differs by firm life cycle and supports H2. Table 7 shows the empirical results of H3, which examines the association between R&D investment and market response. We test H3 using the coefficient of UE × RND t in model (3) . If the coefficient of UE × RND t has a significant positive (+) value, it is interpreted that R&D investment has a positive (+) effect on the ERC in each life cycle. We expect the sign of UE × RND t in model (3) to be different for each stage.
Results for Market Response (H3)
At the introduction stage, the coefficient of UE × RND t is negative (−) and significant (β 2 = −0.136, t = −2.35) at the 0.05 level. This means that R&D investment at introduction stage has a negative (-) impact on the ERC. In Tables 5 and 6 , the R&D investment of introduction stage deteriorates future management performance and increases uncertainty. As a result, the capital market seems to send a negative (−) signal for the R&D investment of introduction stage. The coefficient of UE × RND t at mature stage is negative (−) but not significant. In Tables 5 and 6 , R&D investment at the mature stage improves future management performance but also increases uncertainty. At the growth and the decline stages, the coefficient of UE × RND t is negative (−) but not significant. This is consistent with the results in Tables 5 and 6 .
We have verified hypothesis 3 through Chow test. For Chow testing, we have added the interaction terms (UE × RND × Introduction, UE × RND × Growth, UE × RND × Mature) as independent variables in the pooled model. The Chow test result (F-value) in Table 7 indicates that the estimated coefficients of UE × RND (β 2 ) over different life cycle groups are not equal at 0.01 level in model (3) . In sum, the results in Table 6 reports that the effect of R&D investment on the ERC differs by firm life cycle and supports H3. 
Additional Tests
The main test results are consistent with our research hypotheses, suggesting that firm life cycle affects differentially the relation between R&D expenditures and future performance, uncertainty, and sustainable growth. These results contribute to the relevant literature by providing the evidence of the differential effects of R&D expenditures according to firm life cycle. The main tests are analyzed by grouping the whole sample by each stage of life cycle. In this section, we conduct a dummy regression analysis using the pooled sample to examine whether the effects of R&D expenditures on future performance, uncertainty, and sustainable growth vary over the firm life cycle. We set up the models (7)-(9) by adding life cycle dummy variables. The reference dummy variable is the decline stage. Table 8 provides the dummy regression results for Hypothesis 1 using the pooled sample. The coefficient of RND × INTRODUCTION t is negative (−) and significant (β 2 = −0.175, t = −1.97) at the 0.05 level, and the coefficient of RND × GROWTH t and RND × MATURE t is not significant. This indicates that the R&D investment of the introduction stage has a more negative (−) impact on future performance compared to the decline stage. This is consistent with the OLS regression results reported earlier. Thus, the result in model (7) supports Hypothesis 1. Table 9 presents the regression results for Hypothesis 2. The coefficient of RND × INTRODUCTION t is positive (+) and significant (β 2 = 0.338, t = 2.77) at the 0.05 level, and the coefficient of RND × GROWTH t and RND × MATURE t is not significant. This indicates that the R&D investment of the introduction stage has a more positive (+) impact on future uncertainty compared to the decline stage. This is consistent with the OLS regression results reported earlier. Thus, the result in model (8) supports Hypothesis 2. Table 10 provides the results for Hypothesis 3. In model (9) , the value of β 3 , β 4, and β 5 indicates the differential effects of R&D expenditures on the ERC by the firm life cycle. The coefficient of UE × RND × INTRODUCTION t is positive (+) and significant (β 2 = −0.177, t = −1.92) at the 0.05 level, and the coefficient of UE × RND × GROWTH t and UE × RND × MATURE t is not significant. This means that the R&D investment of the introduction stage has a more negative (−) impact on the ERC compared to the decline stage. This result is consistent with the OLS regression results reported earlier. Thus, the result in model (9) supports Hypothesis 3. 
Conclusions
We analyze whether the effects of R&D expenditures on future management performance, earnings uncertainty and Earnings Response Coefficient (ERC) are different according to firm life cycle. If companies increase their profit by launching innovative new products to the market as a result of R&D activities, it can be predicted that the increase in net profit will continue for a long period of time. However, if a company gains extraordinary profits by disposing of tangible assets or by discontinuing its business line, it cannot be expected that earnings growth will continue in the next period. The previous studies [26, 27] reported that firms with high earnings persistence have higher ERC. This means that earnings persistence of the company should be secured by sustainable growth through R&D expenditures.
The empirical findings are as follows. First, R&D expenditures of firms in the introduction stage show a significant negative (−) association with future performance, while R&D expenditures at the mature stage show a significant positive (+) association with future performance. And there are no statistically significant results in the growth and decline stage. Second, R&D expenditures show a significant positive (+) association with future uncertainty in both introduction and maturity stages. Meanwhile, there are no statistically significant results in the growth and decline stages. Third, R&D expenditures of the introduction stage show a significant negative (−) capital market response, and the other stages do not indicate significant results. This means that R&D expenditures of the introduction stage negatively affect future performance and increase uncertainty, resulting in a significant negative effect on sustainable growth potential. On the other hand, R&D expenditures of the mature stage have positive effects on future performance and increase uncertainty as well, resulting in insignificant effects on sustainable growth. And the other stages have no significant effects on future performance and uncertainty, so the capital market response for sustainable growth is not significant.
Our results provide the following academic and practical contributions. First, we address the causes of mixed results in prior studies by identifying the different effect of R&D expenditures by life cycle stages. Second, we provide suggestions that R&D investments should be made properly considering the environment and circumstances of the firm. When policy authorities and management make decisions about R&D investments, they first need to know which life cycles the company belongs to. In particular, attention should be paid to the R&D investment of the introduction period because it may cause a negative reaction in the capital market due to deterioration of future sustainable growth potential.
Finally, we show a comprehensive view of the response to capital market through the effects of R&D investment on future performance, uncertainty and ERC. In prior studies, the relationship between R&D investment and future performance, uncertainty, and sustainable growth has been analyzed individually.
The limitations of this study are as follows: First, there may be a measurement error in grouping the firm life cycle. Second, there may still be an omitted-related variables problem in the regression model. Third, we have employed OLS regression model without applying panel data analysis. Panel data methodology has the ability to control the unobserved heterogeneity, which is an important factor in the kind of firm decisions or strategies analyzed in this paper. 
